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(54) High temperature articles 

(57) A high temperature article, far example a rocket 
nozzle suitable for liquid-fuelled rocket motors for satel- 
lites, is formed from an alloy which is a binary cr tertiary 
alloy frcm the Ft-Ir-Rh syszem.Such alloys exhibit a gccd 



balance between ease and reliability of manufacture, 
ccst of alloy and high temperature strength and oxidation 
resistance. 
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Description 

The pcesenx invention concerns- improved high temperature articles, such as rocket nozzles. 
Space vehicles, such as satellites, require many rocket motors and nozzles for positioning. These struc;ures are 
usually operated at temperatures in excess cf 2CC0 q C and are required to sustain substantial structural loads. At these 
temperatures, oxidation of the material generally cccurs resulting in a decrease in efficiency. In general, materials ca- 
pable of withstanding such high temperatures with minimal oxidation, do not have the strength to withstand substantial 
loads. Conversely, materials capable of withstanding substantial loads at thosa temperatures are generally subjec: to 
considerable oxidation. Consequently, rocket motors have been operated at below optimum temperatures in order to 
maintain structural strength with minimal oxidation. Even so, the life of sucr^scnjcturesj^as generallyjimited,.. 

Attempts have been made to overcome these problems. UK patent application G3 2.020, 579A proposes the use 
of 10% by weight rhodium/platinum alloy for use in high-veiccity gas streams, but this alloy has a markedly lower ability 
to withstand high operating temperatures. US Pa:ent 4>,9T 7,963 uses an indium/rhenium bi-layer composite, formed by 
chemical vapour deposition (CVD) of iridium onto a molybdenum mandrel followed by deposition of rhenium and abso- 
lution of the molybdenum. A CVD process by its nature is generally limited to the application of pure metals and there fere 
gives no real opportunity to use the advantages of alloying. 

There remains concern, however, within the aerospace industry about the reliability of the manufacturing process 
and Che reliability of the nozzles formed by the above process. The investment in a satellite and its launch is such that 
there must be complete confidence in ail parts. 

Consequently there remains a need in the industry for alternative rocket nozzles having reliable and acceptable 
manufacturing methods combined with acceptable high temperature properties. It is desirable to be able to operate Che 
rocket motor at as high a temperature as possible, since this equates Co using less fuel for a given thrust, in turn permitting 
one or more of an increased paylcad, fuel toad and the ability to maintain the satellite in position for an increased life. 

Tne present inventors have found an alloy system which can withstand the high temperatures and loads required 
by the various applications. These alloy systems show good oxidation resistance and have the added benefit cf greater 
ductility 'which gives improved fabricability, and more predictable failure mode. 

Accordingly, the present invention provides a high temperature article prepared from an alley capable cf sus taining 
substantial temperatures and loads wherein said alloy is a binary or tertian/ alloy from the system plau'num/iridium/rhc- 
dium, provided that if the alloy is a binary medium/platinum alloy, the rhodium content is greater than 25% and that if 
the alley is a binary p latin um/irrdium alloy, the iridium ccntent is greater than 3C%. 

Examples of suitable binary alleys are: 

a) Rh/fr in which the content cf Rh is up to S0wt%, more preferably up to £Owt%; 



b) Rh/Pt in which the content cf Rh is from 25 to <iOwt%, more preferably 25 to 20wt%; 

c) Ir/Pt in which the ccntent cf Ir is 30 to 99.5wt%, preferably 30 to 4Qwt% or 60 to 99.5wt%. 

Preferably the article is prepared from a Hh/!r binary alley, in which the Rh ccntent is frcm 0.5 to 10wt%, for example 
2.5toSwt%. 

Preferred tertiary alloys are these represented on the attached triangular compositional diagram (Figure *! ) as falling 
within the total hatched and cross-hatched area, and more pret erred tertian/ alloys are those falling within the 
cross-hatched area of the diagram. 

Tne invention also encompasses modifications cf the above alloys by the incorporation of a refractory metal such 
as rhenium or zirconium in an amount cf up to 5% by wt, or the incorporation of ether metal components providing that 
high temperature strength and oxidation resistance are not excessively adversely affected. 

The invention further includes high temperature articles manufactured frcm the specified alloys and coated with a 
refractor/ metal or alloys thereof such as rhenium or tungsten/rhenium, for example by vacuum plasma spraying using 
conventional equipment, followed by hat isostatic pressing, or by a chemical or electrochemical deposition route. 

Alternatively, the high temperature article may net be made completely frcm the above alleys, but may be a ceramic 
or metal article coated with one cf the above alloys. Accordingly, an alternative embodiment cf the present invention 
provides a coating tor applying to a ceramic or metal, eg a refrac:ory metal, substrate of a cinar/ or tertiary alloy frcm 
the system ptatinumyiridium/rhedium. provided that if the alley is a binary medtum/ptatinum alley, the medium content 
is greater than 2S% and that if the alloy is a binar/ platinum/iridium alloy, the iridium content is greater than 30%. 

The alloys specified form solid solutions and maybe cast into ingots, forged, rolled, swaged, machined and/cr drawn 
into tube, providing that robust tccling is used. For example, the alloy components may be melted in a vacuum furnace, 
although air furnaces may be used. Joining techniques used in platinum group metal metallurgy may be used. 

(Depending upon the properties ot the alloy chosen, tne high temperature article may be manufactured frcm tube 
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cr by forming sheet into the appropriate shape, by joining different shaped cone and tube shapes, by progress,^/ 
forming (rolling) a flared cone from a tube, cr pcssibiy by die casting cr machining from a casting. In ail casas' = 'final 
shape may be achieved by machining. Alternatively, the article may be .manufactured by coating a substrate with the 
alloy using plasma spraying, particularly vacuum plasma spraying, followed by removal of the substrate, fcr%xamale 
by dissolving the substrate, oxidising or machining cut the substrate. Tne particular wall thicknesses will depend upon' 
the particular article being formed, but may be of the order of 0.040in (approximately imm) or less. ~ 

me high temperature articles of the invention .show a good balance of oxidation resistance, high temperature 
strength and relative ease of manufacture, leading to reliability combined with acceptable production costs. 

Suitable articles according to the present \nwent\cn include rocket nozzles, ^spark plug electrodes, electrodes eg for 
glass melting ao plications, glass melting and forming apparatus eg crucibles, stirrers, rlbrlsing equipment, cere cinning 
wire for investment casting eg turbine blade manufacture, and leadouts for halogen bulbs. 

Preferably the articles of the present invention are rocket nozzles, which may be used for main thrusters or subsidiary 
thrusters (positioning rockets), and are preferably used with liquid fuel rockets. 

Tne peasant invention wifrncw e'e cTescriced'cy way of Example only, 

Experimental procedures 

Ir metal and lr-2.5%Rh and lr-5%Rh allays were melted and alloyed in air before electron beam melting into ingots. 
Each of the wire-bar. in gets were then hot forged, he't swaged and hdt drawn to wrna. The sheet ingots were hot forged 
and hot rolled to size. 

Oxidation Tests: 



Furnace oxidation tests were performed cn samples cut from sheet. (Dimensional and weight measurements were 
performed before and after exposing these samples for S hours at 14cO°C. Tnis data was used to calculate oxidative 
weight loss per unit area per unit time for Ir. tr-2.5%Rh and lr-S%Rh. Results (in mc/cm 2 /hr) (Table 1) clearly shew that 
a Rh addition of only 2.5% is sufficient to mors than halve the oxidation rate of Ir at 1450°C. Further improvement is 
achieved with an addition of 5%Rh. Micros: rue tural analysis of cross sections through the tested samples did not reveal 
resolvable differences in oxide layer thickness. 

Resistance heating of wire samples in flawing air was also performed to obtain comparative oxidation resistance at 
very high temperatures. Tnis involved connecting a length of wire, nominally 1mm diameter and 50mm long, between 
the terminals of a variable electrical supply. Distance between the electrical terminals was fixed to ensure that each test 
was performed under simitar conditions. Current flowing through each wire sample was increased slowly until the desired 
test temperature was achieved. Temperature was measured using an optical pyrometer focused on the hottest section 
of the wire. Tests were conducted at temperatures of 1650-1 700° C for 5-3 hours, 2050-21 00°C for 40 minutes and 
2200-2250*0 for 20 minutes. Weight measurements were performed before and after each test. Size (surface area) of 
Che hot zone was not know though was probably similar for each test condition. Results (Table 1 ) are therefore presented 
in the form of weight less per unit time in order to illustrate comparative performance of the three materials under similar 
extreme conditions. Tests performed at 1550-1 700*0 corroborate the findings from the furnace oxidation tests, clearly 
demonstrating a halving of the oxidation rate of Ir by alloying with 2.5%Rh. Tests performed^ 2025-21 00° C demonstrate 
that improvements, albeit smaller, in oxidation resistance can be obtained until, at 220Q-2250°C, no difference in oxi- 
dation resistance was measured. 



TABLE 1 - 



Ir/Rh Oxidation Behaviour 


Ir 


lr-2.5%Rh 


lr-5%Hh 


un its 


Furnace oxidation tests 


5 hours at Ic50°C 


125 


5.5 




mc/cm 2 /hr 


Resistance heating cf wira samples 


1700°C 


21 


10 


1 1 


mg/hr 


2050-2 1CG°C 


77 


55 


6* 


mg/hr 


2200-22S0°C 


132 


132 


133 


mg/hr 
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Hardness Tests: 

Vickars hardness tests were performed cn polished miccsacticns removed 'rem sheet in the as-rclfed 
and after a hours at 1 45C°C. The results are shewn in Table 2. 





TABLE 


2 - 




Hardness 




Ir 


lr-2.5%Rh 


lr-5%rth 


As-rclled 


536 


530 


sea 


After S hours at 14£G°C 


309 


309 


29* 



Sheet Tensile Data: 

Tests were performed on curnbelt samples using a servo-hydraulic tensometer. The test specimens were machined 
.from as-rolled sheet using spark and wire erosion. Tests performed at strain rates of Q.OISmin-* and lo.SmiYr* at 2Q°C 
•learly demonstrated the significant increase in .tensile strength and ductility that can be achieved through minor additions 
of Rh to Ir (Table 3). The retention of this high strength and ductility un^er high strain rate conditions Is even mere 
remarkable. At 1150°C very large deformation was obtained in both of the Ir/Rh alloys (Table 4). 

Wire Tensile Tests: 

Tensile tests were performed on as-drawn wire samples of Ir, lr-2.5%Rh and lr-5%Rh at room temperature. Wire 
diameter was nominally 1mm and strain rate was 0.01 min" 1 . Resutts (Table 5) for tensile elongation and reduction in 
area demonstrate significant improvement in the ductility of Ir by alloying with 5%Rh. 
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TABT TR 4 -Tr/Rh Sheet Te nsile Data at 11 

Alloy Strain Rate Tensile Strength Elong 

min' 1 MPa psi tsi % 

Ir 0^016 ill 45,675 20 J7 

Average '315 L7 



2_5^Rh/Ir 0.016 215 31,175 14 57 

133. 27,985 12 7Q 

Average 204 64 



5%Rh/lr 0.016 191 27.695 12 59 

205 29,725 13 73 

220. 31.900 14 14 

205 62 

Strain rate = Q.016min' ! ; Specimens = sheet dumbell; As-rolled. 
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Claims 

1 . A high temperature article prepared frcm an alley capable cf-sustaining substantial temperatures and leads wherein 
said alloy is a binary or tertiary alley 'rem the system p latin um/ir:diurrVrhcdium t provided that if the alley is a binary 
rhcdium/platlnum alley, the medium content is greater than 2Swt% and that \t the alley is a binary p latin um/iric:'um 
alley, the iridium content is greater than G0wt%. 

2. A high temperature article according to claim \ prepared from a binary alloy selected from rhedium/iridium in which 
the ccntent cf medium is up to qG.wt%, rhodium/platinum in which the content of medium is from 25 to 4Cwt% and 
i ridium/p la t in um in which the. content or indium is from 30 to S9.5wt%. 

3. A high temperature article according to claim 2 in which the alley is selected 'rem rhedium/iridium in which the 
medium content is up to 40wt%, medium/platinum in which the rhodium ccntent is 25 to 30wt% and indium/platinum 
in which the content cf Iridium is 30 to 40wc% or 60 to S9.5wt%. 

4. A high temperature article according to claim 3 prepared frcm a rhedium/iridium binary alloy in which the medium 
ccntent is frcm 0.5 to 10wt%. 

5. A high temperature article according to claim 1, formed frcm a tertiary alloy cf composition represented by the 
hatched and cress-hatched area cf the compesitionai diagram of Figure l . 

• 6. A high temperature article according to claim 4., formed from a tertiary alley cf composition represented by the 
cross-hatched area of the compositional diagram cf Figure 1 . 

7. A high temperature article according to any cne of the preceding claims, wherein the alloy contains up to 5wt% Gf 
a refractory metal. 

8. A high temperature article according to any cne cf the preceding claims, wherein the article is coated with one or 
more coatings of a refractory metal or atloy thereof. 

9. A high temperature article according to any one of the preceding claims, wherein the article is a rocket nozzle, a 
spar k plu g electrode, an electrode, a glass me Ring cr forming apparatus, a core pinning wire for inventment casting 

"or a leacT-cut for halogen bulbs. 

10. A liquid-fuelled rocket motor suitable for use with satellites or other space vehicles, comprising a rocket nozzle 
according to claim 9. 

11. A coating for applying to a ceramic cr metal substrate of a binary or tertiary alloy from the system platinum/irid- 
ium/rhodium. provided that if the alloy is a binary rhcdium/platinum alley, the rhodium content is greater than 2S% 
and that if the alloy is a binary platinum/iridium alloy, the iridium content is greater than 30%. 
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